ABSTRACT: ETH10 is a dinucleotide microsatellite within the promoter of signal transducer and activator of transcription 6 (STAT6) gene on bovine chromosome 5. ETH10 is included in the panel of genetic markers used in parentage testing procedures of cattle breed associations. Allelic sizes of ETH10 PCR amplicons range from 199 to 225 bp. Objectives of this study were to use microsatellite data from beef cattle breed associations to investigate genetic distance and population stratification among Angus-and Brahman-influenced cattle and to use ETH10 genotypes and growth and ultrasound carcass data to investigate their statistical relationships. Three series of genotype to phenotype association analyses were conducted with 1) Angus data (n = 5,094), 2) Brangus data (3/8 Brahman × 5/8 Angus; n = 2,296), and 3) multibreed data (n = 4,426) of Angus and Brangus cattle. Thirteen alleles and 38 genotypes were observed, but frequencies varied among breed groups. Tests of genetic identity and distance among 6 breed composition groups increasing in Brahman influence from 0 to 75% revealed that as Brahman-influence increased to ≥50%, genetic distance from Angus ranged from 18.3 to 43.5%. This was accomplished with 10 microsatellite loci. A mixed effects model involving genotype as a fixed effect and sire as a random source of variation suggested that Angus cattle with the 217/219 genotype tended to have 2.1% heavier (P = 0.07) 205-d BW than other genotypes. In Brangus cattle, allele combinations were classified as small (≤215 bp) or large (≥217 bp). Brangus cattle with the small/large genotype had 2.0% heavier (P < 0.05) birth weight, yet cattle with the large/large genotype had approximately 5.1% greater (P < 0.05) percentage of fat within LM and more LM per BW than cattle with small/large or small/small genotypes. Genotype-to-phenotype relationships were not detected in multibreed analyses. The ETH10 locus appears to be associated with growth and carcass traits in Angus and Brangus cattle. Results from this study provide support for STAT6 as one of the candidate genes underlying cattle growth QTL on chromosome 5.
INTRODUCTION
reported that ETH10, 1 of the 10 microsatellites included in the International Society of Animal Genetics parentage panel (2008) , was a dinucleotide GT repeat located in exon 1 of the signal transducer and activator of transcription (STAT) 6 gene on bovine chromosome 5. The STAT proteins are involved in cell signaling cascades subsequent to cytokines or hormones binding their receptors (Rawlings et al., 2004; Schindler and Plumlee, 2008) . The ETH10 genotypes have been useful in detecting QTL and conducting genotype-to-phenotype association studies for growth and carcass traits in cattle (Smith et al., 2001; Kim et al., 2003) . Rincon et al. (2009) resequenced the STAT6 gene using DNA from Bos taurus and Bos indicus cattle and identified 3 SNP associated with carcass and growth efficiency traits in feedlot cattle.
Knowledge of genotype-to-phenotype associations using DNA polymorphisms as genotypes provides an opportunity to learn about QTL and underlying genes and alleles. However, interpretations of population stratification create challenges in distinguishing causal vs. spurious associations, especially in admixed populations (Balding, 2006; Serre et al., 2008) . There is also genetic diversity within breeds that can challenge these analyses (Márquez et al., 2010; Toosi et al., 2010; LunaNevarez et al., 2011) .
Breed organizations require a genetic marker parentage profile for sires and dams used in artificial breeding; therefore, genotype and phenotype data exist in databases of breed organizations. Objectives herein were to use microsatellite data to investigate genetic distance and population stratification among Angus-and Brahman-influenced cattle, and to subsequently use ETH10 genotypes and growth and carcass phenotypes to examine their statistical relationships.
MATERIALS AND METHODS
Use of databases for this research was approved by the Institutional Animal Care and Use Committee of New Mexico State University.
Cattle and Data
Pedigree, performance, and genotype data were queried from databases of International Brangus Breeders Association (IBBA) and Red Angus Association of America (RAAA). Genotyping for parentage verification procedures of these breed associations organizations was performed at MMI Genomics Inc. (Davis, CA) and included the microsatellites ETH3, BM1824, BM2113, SPS115, TGLA53, TGLA122, TGLA126, TGLA227, ETH10, and ETH225. Except for ETH3, these microsatellites were recommended by the International Society of Animal Genetics (2008) for parentage verification. Allelic sizes of the ETH10 polymorphism are from PCR amplicons that range from 199 to 225 bp. Sizes of the amplicons infer alleles and genotypes in this study. For cattle that possessed ETH10 genotype information, the following information was also queried: breeder, sire, contemporary group, location, sex, breeding method (i.e., AI, embryo transfer, and natural service), breed composition, date and measures of birth, weaning, and yearling weights, and yearling ultrasound carcass trait measures (i.e., LM area, percent intramuscular fat, and fat thickness at the 12th rib and rump). Table 1 describes the percentage of Angus and Brahman in 6 breed groups of cattle in this study. The breed ≥99% Angus will be referred to as Angus, and individuals composed of 37.5% (3/8) Brahman × 62.5% (5/8) Angus will be termed Brangus. The term multibreed means that data from breed groups were pooled for analyses. Individuals queried from the RAAA and IBBA databases were born from 1966 to 2007 and 1983 to 2007 , respectively. The RAAA data contained 2,758 males and 3,244 females, whereas the IBBA data included 880 males and 1,590 females. Among the 3,638 sires in the 2 data queries, there were 13 sires that existed in both databases; therefore, their identification numbers were re-coded to a single identification number. In the RAAA data, individuals possessing red and black coat colors were 5,660 and 151, respectively. Eighty-three individuals in the IBBA data had red coat color.
Population Genetic Analyses
Allelic and Genotypic Frequencies and Hardy-Weinberg Equilibrium. Frequencies of ETH10 alleles and genotypes were determined using PROC ALLELE within the Genetic Analysis Tools (SAS Inst. Inc., Cary, NC; Saxton et al., 2004) . These algorithms also provided range of allelic size, polymorphism information content, heterozygosity, and χ 2 tests of HardyWeinberg equilibrium.
Genetic Identity and Distance, and Population Stratification. Microsatellites ETH3, BM1824, BM2113, SPS115, TGLA53, TGLA122, TGLA126, TGLA227, ETH10, and ETH225 were used to deter- mine genetic identity and distance using PopGene32 software (Nei, 1972 ; http://cc.oulu.fi/~jaspi/popgen/ popdown.htm). Because cattle containing varying percentage of Angus and Brahman were involved in this study, population stratification was evaluated using the genotypes of each individual and the software Structure (Pritchard et al., 2000 (Pritchard et al., , 2007 . Excluding ETH10, genotypes of the other 9 microsatellites were used to assign individuals to inferred ancestral subpopulations based upon allele frequencies. Coefficients of ancestry were generated for each individual by estimating their proportion of inferred subgroups. The number of inferred subgroups (K) was determined by the likelihood of the observed distribution of Ln Pr(X | K), also called estimated posterior probability. Ten thousand repetitions were used as parameters for both burn-in and run length. Because the cattle of this study were composed of Angus and Brahman breeds, the coefficient of ancestry representing the Brahman proportion of each animal was used as a covariate in association analyses of genotype and phenotype in multibreed analyses. This procedure was effective in analyses involving straightbred and crossbred Angus, Brahman, and Romosinuano heifers (Luna-Nevarez et al., 2011) . Side-by-side box-and-whisker plots were used to visually compare coefficient of ancestry distributions among breed groups. The box plots facilitated comparing intervals containing the middle half of the data (i.e., from the 25th percentile to the 75th percentile), the means, the medians, and the presence and placement of outliers among the breed groups. Plots were generated using PROC SGPLOT of SAS. Association analyses of genotype to phenotype were conducted using PROC MIXED. Three series of analyses were conducted with 1) Angus data, 2) Brangus data, and 3) multibreed data composed of Angus-and Brahman-influenced cattle. Because this study involved microsatellite data with many alleles, individuals with minor alleles with frequencies less than 5% were excluded from analyses. When using microsatellite genotypes, deviations from Hardy-Weinberg equilibrium are expected, so no polymorphism was omitted for violation of this statistic (Salanti et al., 2005; Thakkinstian et al., 2005; Trikalinos et al., 2006) .
Association of Genotype to Phenotype
The statistical models used to analyze the data from the 3 populations (i.e., Angus, Brangus, and multibreed) were described in Table 2 . Specifically, models included fixed effects of genotype, sex (male or female), breeding method (AI, embryo transfer, natural service), year of birth, covariate of ordinal birthday (day of birth from January 1), random effect of sire (i.e., mean = 0, variance = σ s 2 ; Z statistic used to test if H o : σ s 2 = 0), and residual error (mean = 0, variance = σ e 2 ). Contemporary group and breeder were other logical sources of variation; however, there were many examples where breeder, contemporary group, and year were synonymous terms because these cattle were AI sires and embryo donor dams (i.e., a single individual selected from a herd in a year); thus, year was the most appropriate term for these analyses and contemporary group and breeder were eliminated from the model. Model terms were tested for collinearity, but no significance was detected (P > 0.05).
Traits analyzed with this model were birth weight, 205-and 365-d BW, ADG, LM area, fat thickness over the 12th and 13th rib and rump, intramuscular fat percentage of LM, and LM area per kilogram of BW. Body weights were adjusted using procedures of the Beef Improvement Federation (BIF, 2006) . Age of dam information was not available; therefore, 205-d BW was only adjusted for age. Also, ordinal birth date was not included in analyses of adjusted trait measures. Carcass traits were measured with ultrasound, and these data were adjusted to 365 d of age (BIF, 2006) .
Breeding method and individuals born by embryo transfer procedures were not included in analyses of birth weight and 205-d BW because of the potential maternal influence of the recipient dam. Angus indi- Table 2 . Sources of variation used in genotype to phenotype association analyses of growth and ultrasound carcass traits in Angus (n = 5,094), Brangus (n = 2,296), and Angus-and Brahman-influenced cattle (i.e., multibreed; n = 4,426) viduals born before 1983 were excluded from association analyses, so the data analyzed herein were from the same years (1983 to 2007) . Interactions of genotype with year of birth were also evaluated in preliminary testing of models, but omitted due to lack of significance (P > 0.10).
With similar procedures described in Luna-Nevarez et al. (2011), coefficient of ancestry obtained from Structure software was added to the models as a covariate to account for population stratification from Angus or Brahman ancestry (or both) in multibreed analyses. The term breed, its interaction with genotype, and the nesting of genotype within breed were also fitted in separate models involving data from Angus and Brangus cattle. If genotype terms were found to be significant (P < 0.05) or associated with a trend (P < 0.10), then pair-wise comparisons of least squares means were generated with PDIFF. These mean separation tests were executed using LSMEANS of the mixed procedure, which included Bonferroni's adjustment for multiple tests.
RESULTS

Population Genetic Analyses
Genetic Identity, Distance, and Population Stratification. Genetic identity and distance among the 6 breed composition groups are reported in Table  3 . In brief, minor distances were observed among cattle with small percentages of Brahman influence; however, as Brahman influence increased to ≥50%, divergence from Angus ranged from approximately 18.3 to 43.5% (i.e., average genetic distance of cattle that were Angus or 87.8 to 98.9% Angus relative to cattle that were 50 to 98.9% Brahman).
Use of the 9 microsatellites, excluding ETH10, identified 2 ancestral subpopulations or clusters in these data. Specifically, posterior probabilities stabilized between K = 2 to K = 3. In general, cluster 1 represented mostly Angus cattle, whereas cluster 2 represented mostly Brahman-influenced cattle (Figure 1) . Figure  2 presents the distribution of the cluster 2 coefficient (i.e., the coefficient of ancestry) across breed groups.
Note the distribution across breed groups and divergent-curvilinear appearance in the figures as the mean coefficient of ancestry asymptoted when Brahman composition of the cattle reached 37.5% (i.e., Brangus) or greater. Specifically, the mean coefficient of ancestry was 0.05 ± 0.01 in the Angus cattle, whereas it was 0.94 ± 0.01 in the Brangus cattle. Despite these unique characteristics of coefficients of ancestry, nearly the entire range of possible coefficient values appeared in both the Angus and Brangus groups (Figure 2 ).
Allelic and Genotypic Frequencies and Hardy-Weinberg Equilibrium. Thirteen alleles and 38 genotypes of ETH10 existed in the data. The ETH10 allele frequencies are reported in Table 4 for the Angus, Brangus, and multibreed groups. Sequence variations for the ETH10 polymorphism by breed groups are presented in Table 1 and include the range of allele size, heterozygosity, and tests of Hardy-Weinberg equilibrium. Polymorphism information content was another variable estimated, and it averaged 0.72 ± 0.02 across breed groups. This result indicated the ETH10 polymorphism was useful for parent verification tests.
Association of Genotype to Phenotype
Based on plots of variance and test for data outliers, residuals were consistent with the assumption that errors were normally distributed. Mean ± SE for growth traits and yearling ultrasound carcass measures in Angus, Brangus, and multibreed groups composed of Angus-and Brahman-influenced cattle are presented in Table 5 . Three association analyses were then conducted using genotype and phenotype data from Angus, Brangus, and a multibreed group of cattle composed of Angus and Brangus cattle.
Angus. The genotype term was derived from evaluation of allele and genotype frequencies. In brief, the 215, 217, 219, 221, and 223 alleles had the greatest frequencies (Table 4) , and all genotypes with frequencies ≥5% included the 217 allele (Table 6 ).
In the traits evaluated, 87.5% of the terms described in Table 2 (i.e., sex, breeding method, year of birth, and sire) were significant (P < 0.05) sources of variation. Cattle with the 217/219 genotype tended to have heavi- (Table 6) .
Brangus. The genotype term was derived from 4 analyses. The 217, 219, and 221 alleles were most frequent (Table 4) . Heterozygotes of these 3 alleles as genotypes and their homozygotes were tested in the model as the genotype term. None of these genotype combinations was significant (P > 0.01). Then alleles of 209, 211, 213, and 215 were paired as a genotype with the 217, 219, or 221 allele and tested in the model, and no significance was detected. Thus, cattle were assigned genotypes composed of alleles 209, 211, 213, and 215 bp in size (i.e., small allele) or 217, 219, and 221 bp in size (i.e., large allele). This procedure, which was previously used by de Oliveria et al. (2005) , yielded genotype frequencies of 10.0, 44.7, and 45.3% for the genotypes of small/small, small/large, and large/large, respectively. Sex, year of birth, and sire were significant (P < 0.05) sources of variation in traits analyzed in Brangus cattle. Breeding method was a significant (P < 0.05) term in 44.4% of these analyses. Least squares means for trait levels by genotypes are presented in Table 7 . Cattle with small/large genotype had heavier (P < 0.05) birth weight than cattle of the large/large genotype. Brangus cattle with the large/large genotype had greater (P < 0.05) percentage fat within LM than cattle of the heterozygous genotype, which had more (P < 0.05) percentage fat than the homozygous small/small genotype. Brangus cattle with the large/large genotype also had more (P < 0.05) LM per BW than cattle of genotypes composed of the small allele. A tendency (P = 0.053) was observed in the trait of LM area; cattle of the large/large genotype had more LM area than cattle of the small/large genotype.
To be consistent with the procedures used in Angus cattle for determining the genotypes to include in association analyses, the genotypes of 209/217, 213/217, 217/217, 217/219, 217/221, 219/221 were determined to have frequency greater than 5% (i.e., mean frequency of 8.8 ± 1.2%). When these genotypes were used in association analyses, results paralleled those using small and large categories. Specifically, the genotype term was significant in analyses of the traits of birth weight (P = 0.04) and percentage fat within LM (P = 0.03). The genotype term approached significance (P ≤ 0.12) in analyses of the trait LM area/BW. Mean separation tests revealed that differences among genotypes for these traits were a consequence of the presence of the 209 and 213 alleles (i.e., small alleles).
Multibreed. Only 4 genotypes (i.e., 215/217, 217/217, 217/219, and 217/221) had frequencies ≥5% in the data pooled from Angus-and Brahman-influenced groups of cattle (Tables 1 and 4 ). The groups composed of 87.5 to 98.9% Angus and 25, 50, and 75% Brahman were omitted from these analyses because there were numerous categories of breed group and genotype with miniscule or no n. Therefore, these analyses only included data from Angus and Brangus cattle, which reduced the n from 7,766 to 4,426 (i.e., 3,585 of these cattle were Angus and 841 were Brangus).
In the traits evaluated, 92.1% of the terms described in Table 2 (i.e., sex, breeding method, year of birth, and sire) were detected (P < 0.05) as important sources of variation. These analyses also fitted coefficient of ancestry as a covariate (i.e., cluster 2; Figure 1 ). The coefficient of ancestry, which mostly represented Brahman- Table 4 . The ETH10 allele frequency (%) of Angus (n = 5,094), Brangus (n = 2,296), and Angus-and Brahman-influenced cattle (i.e., multibreed; n = 7,766) influenced cattle, was a significant (P < 0.05) source of variation in all of these analyses; however, the genotype term only approached significance for the traits of 205-d BW (P = 0.11) and ADG (P = 0.10). Similar results were found for the term of genotype when the term breed fitted as a fixed effect replaced the covariate coefficient of ancestry in the analyses of 205-d BW and ADG. In these analyses, the genotype effects for 205-d BW and ADG were P = 0.09 and 0.10, respectively. The main effect of breed was a significant source of variation (P < 0.05) in these analyses; however, when breed was fitted as a nested or interaction term with genotype, no significance was detected (P > 0.10). No significance (P > 0.10) was detected when these 4 genotypes were used in analyses of only Brangus cattle.
DISCUSSION
Breed organizations, such as IBBA and RAAA, use DNA technology for parent verification of cattle contributing germplasm to artificial breeding programs. The company providing the genotypes used microsatellites, which were independent loci on 10 chromosomes useful in parent exclusion algorithms. These microsatellites, which included ETH10, had numerous alleles and increased quantity of heterozygosity and polymorphism information content (Glowatzki-Mullis et al., 1995; Budowle et al., 2005; Bicalho et al., 2006) . Uniquely, the ETH10 polymorphism included in this panel was determined to be within the promoter of the STAT6 gene on chromosome 5 (Farber and Medrano, 2003) . Therefore, intragene genotypes were in databases and available for this study.
Microsatellite markers have been useful in phylogenetic studies of cattle (MacHugh et al., 1997; BejaPereira et al., 2003; Mukesh et al., 2004) . Whole genome approaches using SNP have furthered knowledge from these types of studies (McKay et al., 2007; Decker et al., 2009 ). In the current study, the 10 microsatellites were useful for estimating genetic distance among breed groups containing varying percentages of Angus and Brahman influence. Similar results were observed in studies from this research team using SNP obtained from resequencing functional or informative regions of Within a row, means without a common superscript differ (P < 0.1). Within a row, means without a common superscript differ (P < 0.05).
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Alleles of sizes 209, 211, 213, and 215 bp were categorized as small, and alleles of sizes 217, 219, and 221 bp were categorized as large. the GH receptor and STAT6 genes in various breeds groups from both the Bos taurus and Bos indicus species (Garrett et al., 2008; Rincon et al., 2009) .
The ETH10 microsatellite maps to a region of bovine chromosome 5 where QTL for growth, carcass, feed efficiency, and twinning have been reported (Li et al., 2002; Nkrumah et al., 2007; Allan et al., 2009; ). These reports were from studies of Bos taurus cattle. Stone et al. (1999) , Casas et al. (2003 Casas et al. ( , 2004 , and Kim et al. (2003) reported that this region of chromosome 5 was a QTL associated with growth and carcass traits in Bos taurus × Bos indicus crossed cattle. The ETH10 was used in linkage analyses in these studies. Our study also found ETH10 to be associated with growth and carcass traits in various groups of Angus and Brangus cattle, even though analyses were completed as single locus. This type of single locus statistical association using ETH10 genotypes was also reported in analyses of marbling in Japanese breeds of cattle (Smith et al., 2001) .
The region of bovine chromosome 5 containing ETH10 and QTL associated with performance traits appears to be very large (i.e., 20 to 25 Mb). The database CattleQTLdb (2011) revealed 12 QTL with a query for ETH10 and approximately 30 QTL with a query of this region of chromosome 5. Many of the traits described by these queries were various measures of cattle growth and carcass. This region of bovine chromosome 5 has synteny with mouse chromosome 10 and human chromosome 12 (Hayes et al., 2003; Schibler et al., 2006; Larkin et al., 2009) . Cumulatively, studies across species indicate this chromosome region is gene-dense, particularly with genes from the growth endocrine axis (e.g., IGF1, STAT2 and STAT6, IGFBP6; Farber et al., 2006; Davis and Simmen, 2006; . Farber and Medrano (2003) reported that ETH10 was a GT repeat located in exon 1 of the STAT6 gene in cattle. Rincon et al. (2009) further described this gene by resequencing the gene using DNA from individuals of 9 breeds, 2 of which were Brahman-influenced (i.e., Brangus and Brahman). In brief, STAT6 was composed of 21 exons spanning 16 kb of sequence containing 39 SNP. Fifteen of these SNP were determined to be tag SNP, and 3 of these SNP were found to be associated with carcass and growth efficiency traits in commercial feedlot cattle. The ETH10 microsatellite was located within a few thousand kilobases of 2 of these tag SNP; thus, it is plausible to suggest that the ETH10 genotypes in the current study could be inferring similar relationships observed with SNP in STAT6 in the study of Rincon et al. (2009) . However, in the multibreed study of Luna-Nevarez et al. (2011) , only 3 of 71 SNP in candidate genes of this region of chromosome 5 were polymorphic among straightbred cattle of the breeds Angus, Brahman, and Romosinuano. Specifically, none of the SNP in STAT6 had minor allele frequencies greater than 5% within these breeds, yet there was a downstream SNP in STAT2 (ss252841035-A/G within the 5′ untranslated region) that achieved this allele frequency criteria and was useful for genotype-tophenotype association analyses. These analyses involving a STAT2 SNP suggested heifers primarily of Bos taurus ancestry had approximately a 16.4% reduction in calving interval and days to calving relative to heifers primarily of Bos indicus ancestry. The loci for the STAT6 and STAT2 genes are within approximately 1.2 Mb on chromosome 5; thus, without additional markers to evaluate linkage disequilibrium in this region of chromosome 5 in the populations of the current study, it is difficult to delineate the role of STAT6 vs. other genes in the region of chromosome 5 for regulating growth and ultrasound carcass traits.
Because of the large number of alleles and the different allele frequencies among the Angus-and Brahmaninfluenced groups of cattle in this study, the genotype term used in each of the 3 association analyses varied. Compiling numerous ETH10 alleles into smaller or simpler genotype terms was more complicated than the bi-allelic SNP description used in the study of Rincon et al. (2009) ; however, these strategies have been used effectively in several genotype-to-phenotype association studies involving microsatellites and cattle (Smith et al., 2001; Liefers et al., 2003; de Oliveria et al., 2005) as well as humans (Hegele et al., 1999; Mizuki et al., 2000; Lowe et al., 2004) . The strategy of comparing a specific allele against a common allele, such as in the analyses of Angus cattle where genotypes all contained the 217 allele, has been effective for QTL detection and study of allele or gene function or both in congenic mouse models (i.e., comparison of a chromosomal fragment obtained from a recombination event against the chromosomal background of another genetic strain; Rogner and Avner, 2003; Farber et al., 2006; Rosen, 2007) . In the Brangus analyses, it appears that cattle with alleles similar to the frequency observed in Angus cattle had greater intramuscular fat. Similar results were observed in the report of Garrett et al. (2008) where segregation of a SNP among Angus and Brahman cattle was studied in Brangus bulls. In brief, Angus cattle are typically earlier maturing and have greater adiposity relative to Brahman cattle at 365 d of age. Thus, the Brangus bulls that inherited the Angus allele had phenotype similar to Angus.
An effort was made in the multibreed analyses to account for population stratification. These types of efforts minimize spurious results in genotype-to-phenotype association studies involving individuals of diverse ancestry (Tsai et al., 2005; Balding, 2006; Serre et al., 2008) . In studies of humans, panels of 96 to 128 SNP designated as ancestry informative markers were identified for use in controlling population stratification in genotype-to-phenotype association analyses. These panels were delineated from SNP chips containing either 300,000 or 600,000 SNP (Seldin and Price, 2008; Tian et al., 2008; Nassir et al., 2009 ). High-density SNP chips and the ability to use the numerous SNP loci to correct for population stratification now exist in cattle (Toosi et al., 2010) .
The current study involved 9 microsatellite loci and used structured methods to account for population stratification; however, it appears that as the percentage of Brahman increased to ≥50%, the effectiveness of the effort was minimized, which suggested additional loci are needed for these types of efforts. The wide range of coefficient of ancestry values within both the Angus and Brangus groups in this study support this statement. Ancestry coefficients based on a larger number of loci might result in narrower ranges of values within breed groups and thereby produce clearer separation between Angus and Brangus cattle in efforts to account for population stratification. However, it should be noted that the 10 microsatellites used in this study were effective for estimating genetic identity and distance. It should also be noted that the 209 and 213 alleles appeared important in association analyses of Brangus cattle. Consequently, these alleles were not retained in the multibreed analyses, which may have limited detection of genotype main effects and breedby-genotype interactions.
In the current study, we chose to include a genotype in association analyses if frequency was 5% or greater. A previous study by this research team involving Brangus bulls and SNP in the GH receptor used 10% (Garrett et al., 2008) ; however, both levels exist in literature (Abecasis et al., 2001; Balding, 2006; Hinger et al., 2007) , and 5% was more practical in this study involving a microsatellite with numerous alleles. Another relevant statistic for genotype-to-phenotype association studies to avoid false positive(s) is tests of Hardy-Weinberg equilibrium. Violation of this statistic is common in studies involving microsatellites, but less frequently observed in studies involving SNP. Review of studies involving tests of Hardy-Weinberg equilibrium suggested most studies do not have large enough n to properly execute the test, and in general, if the data do not exhibit heterogeneous variance then violation may not be a concern (Salanti et al., 2005; Thakkinstian et al., 2005; Trikalinos et al., 2006 ). In the current study, Hardy-Weinberg equilibrium was violated in analyses of genotypes in Brangus and multibreed grouping of cattle. The decision to conduct the genotype-to-phenotype association with these grouping was based on the knowledge that the data were normally distributed for the traits within the groups of Angus and Brangus.
There is growing interest in multibreed EPD as well as gene-or genome-assisted (or both) EPD. Reports of de Roos et al. (2009 ), Goddard (2009 ), and Toosi et al. (2010 suggested that use of DNA markers in estimations of multibreed EPD requires dense marker-genome coverage. Interpretation of the results from the multibreed field data in our study were challenging, and very limiting, because there were more Angus cattle than cattle in the other breed groupings. Also, genotypes used in the multibreed analyses appeared to represent Angus ancestry (i.e,. the small alleles of 209 and 213, which were important in the Brangus analyses, were omitted in the Angus and multibreed analyses due to low genotype frequency). Therefore, trends in the multibreed analyses paralleled results of the Angus analyses. Nonetheless, results of the current study lend knowledge to the challenge of including genetic marker information in multibreed genetic analyses. In summary, the 10 microsatellites used for parent verification by IBBA and RAAA were useful for investigations of genetic distance and identity and population stratification among Angus-and Brahman-influenced cattle. Results from this study provide support for STAT6 as one of the candidate genes underlying cattle growth QTL on chromosome 5.
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